* In. view o f th e resu lts o b ta in e d in th is p a p e r, it w o u ld seem p e rh a p s m o re n a tu ra l to t r y a n d find a field th e o ry d escribing p article s w ith all spins sim u lta n eo u sly r a th e r th a n to b u ild u p field th eo ries describing p article s w ith one g iv e n sp in o nly.
( Communicated by N. F .
M o t t , F --14
To avoid th e difficulties o f ap p ly in g th e p re se n t m eso n th e o ry to th e in te ractio n of fa st m esons w ith n u clear p article s it is p ro p o sed as a h y p o thesis th a t th e charge a n d spin of a n elec tro n can assu m e h ig h e r q u a n tu m sta te s. T he th e o ry is developed a n d th e p o ssib ility o f o b serv in g th e new particles discussed.
In ner ex cited states o f th e proton an d n eu tron

I ntroduction
The fact that the proton and neutron have anomalous magnetic moments of + 2-78 and --1-93 Bohr nuclear magnetons does not make it very likely that these particles can be described by a simple one-particle wave equation. Indeed, in order to account for the right magnitude of the magnetic moment, it would be necessary to introduce extra terms in Dirac's equation with odd numerical factors corresponding to an 'intrinsic' moment of the above magnitude. This intrinsic moment is not a 'natu ral' relativistic effect as it is in the case for the electron.
In the meson theory it was possible to link up the existence of the ano malous magnetic moments with other effects such as the nuclear forces. According to this theory a proton or neutron produces a meson field similar to the electromagnetic field produced by charged particles. The anomalous magnetic moments are accounted for by the virtual emission of a meson into states with finite angular momentum. Even in this theory it was neces sary to attribute to a proton two sorts of field-producing quantities, namely a 'charge' g producing the meson analogue of an electric field and an 'intrinsic magnetic m om ent' / producing the meson analogue of a mag netic field. The introduction of an intrinsic moment of some sort seems thus to be unavoidable.
Judging from the odd values which the magnetic moments have, it seems likely that the basic mechanism of these intrinsic moments is of a rather complicated nature. It is perhaps not unplausible to assume th at a heavy particle has certain inner degrees of freedom and th at its spin is only the lowest of a whole series of quantum states arising from one of these degrees of freedom. There are, in fa6t, a number of arguments in favour of such a hypothesis:
[ 368 ]
The meson theory in its present form exhibits a number of serious diffi culties if applied to the interaction of fast mesons with a nuclear particle. This interaction increases rapidly with increasing energy, and hence all quantities involving fast mesons diverge or are far too big to fit the experi ments. The anomalous magnetic moment of the proton, for. instance, diverges strongly. The cross-section for the scattering of fast mesons by nuclei is found to increase rapidly with energy which is contrary to the experiments, and even at small energies the cross-section is bigger by an order of magnitude than experiments permit.
A closer analysis (Heitler 1939; cf. also Heisenberg 1939) shows now th a t the reasons for these discrepancies lie in the fact th at in the meson theory a nuclear particle has two degrees of freedom with which a meson has a very strong interaction and which can vibrate with a comparatively small inertia. These degrees of freedom are the spin and the charge. The non-relativistic interaction between a meson field and a nuclear particle with spin 0 is* Inner excited states of the proton and neutron 369
where //A = fh/jnc is the intrinsic magnetic moment (in the sense of the meson theory). If we compare this formula with the magnetic moment of a proton eh/2 Me,we see that the inert mass responsible for any change of the spin direction under the influence of a meson field is the small meson mass fi and not, as one would expect, the proton mass.
Similar considerations can be applied to the charge. The possibility of a change of charge of the heavy particle by emission or absorption of a meson also represents a new degree of freedom. This degree of freedom gives rise to two quantum states for the charge with eigenvalues + 1 (proton) and 0 (neutron). No attem pt has been made so far at a classical description of the charge, and it is not quite clear which quantity shall be defined as the ' inert mass ' of the charge, but it is clear that the exchange of charge takes place with a certain inertia.
The experiments show now that all effects arising from the meson-proton (or neutron) interaction are, if not diverging, too big by an order of magni tude. This can only be remedied if we attribute a larger inertia to these two degrees of freedom.
In quantum theory this can be done by assuming th at further quantum * N o ta tio n as in F rohlieh, H eitler a n d K em m er (1938) . T he fac to r 2 in .the second te rm of (1) has been ad d ed because in th is p ap e r we shall d en o te b y a th e sp in v ec to r w ith th e eigenvalues ± w hereas in th e p a p e r b y F ro h lieh et al. a w as tw ice th is value.
states exist arising from these two degrees of freedom, or, in other words, th at states with higher charge and with higher spin exist. I t has already been shown in a preliminary note by one of us (Heitler 194®) fhat by the introduction of those states many of the difficulties of the present meson theory disappear. We shall therefore assume th at a 'proton can have higher charge states with charges + 2e, 4-and also with nega -e, -2e , ..... Similarly, we assume th at higher spin states exist with spins | , | , etc., for each charge. Since particles with the above properties have not been observed so far, we shall have to assume th at they have a somewhat higher rest energy than the proton. It will be seen in this paper th at the first excited states (spin § and charge -e and + 2e) have excitation energies of the order of magnitude of 20 MeV. The fact th at these excitation energies are still small compared with the rest energy of the proton 2 makes it possible to treat the higher states in a non-relativistic approximation.
I t is probable, however, th at the relativistic generalization will not meet with difficulties of any principal nature, at least as far as the higher spin states are concerned. Dirac (1936) and Fierz and Pauli (1939) have shown th at relativistic wave equations for particles with arbitrary spin are possible in principle, although they become increasingly complicated for high spins.* In this paper we shall confine ourselves to the non-relativistic case (nonrelativistic with respect to the heavy particle not with respect to the meson).
The introduction of the higher states also affects the nuclear potentials at small distances. The most important result is th at in this theory there are also strong attractive proton-proton forces even without the introduction of the so-called neutretto (neutral meson), and it is possible th at the protonproton scattering data can be explained without this particle which has not been observed m cosmic radiation so far. We shall therefore develop our theory introducing charged mesons only. Neutrettos could be included quite simply if this should be required by the experiments.
On the whole it will be seen th at the new theory leads to results consistent with the experiments for all effects depending on the interaction of mesons with nuclear particles, and th at no more serious difficulties occur than, for instance, in the theory of radiation.
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2. T h e s pin rotator
In order to introduce states with higher spin we use the simplest possible model. We assume th at the spin of a proton or neutron is described by a rotator which differs from an ordinary rotator only in th a t the quantum numbers j are half-integer instead of integer. Let a be the vector of the angular momentum (divided by h). The components of a satisfy the com mutation relations (2) and the eigenvalues of cr2 are
For spin j = \ the stronger condition < Jxcry + cry(jx 0 is valid, but for higher spins this is no longer the case. In addition to a we introduce a co-ordinate vector s, the physical significance of which will be th a t of the intrinsic magnetic dijpole (in the sense of the meson theory). The components of s commute with each other sxsy-s vsx = Q
and satisfy with o the usual commutation relationŝ
By the fact that o and s are vectors with respect to spacial rotations, the matrix elements of a and s are determined to a large extent. We use a representation in which cr2 and crz are diagonal matrices and j ( j + 1) and m respectively. Then we have (cf. for instance, Born and Jordan x93°> PP-150-2)
ai and bj are independent of m. The commutability (3) of the components of s leads to two further relations between oq, bp viz.
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The formulae (5) and (6) are valid for any system satisfying the commutation relations (2)-(4). In general the oq and hj will be matrices. The special features of a simple rotator are expressed in the fact th at to each value of there is only one quantum state. The ap are then pure numbers which commute with each other and which we can assume to be real, -The recurrence formulae (6) can then readily be solved. The result depends, however, essentially on whether j is integer o integer j we find o i
Sy is then identical with < jh . According to (5 c) the j j matrix elements of s are, apart from the constant dp identical with the matrix elements of or. This is in contrast to the wellknown facts for integer spin. In the latter case the elements of the dipole moment all vanish, as can also be seen immediately from the recurrence formulae (6). For large j the difference disappears as oq decreases rapidly with increasing j. s could so far be a vector or a pseudovector, a certainly is a pseudo vector, i.e. an antisymmetrical tensor as can be seen from (2). The behaviour of s with respect to a reflexion at the origin depends on what we assume about the behaviour of cq and bp We have assumed th at for j = | s and o are identical. This means th at s also is a pseudovector. The dp bj are then invariant against reflexions at the origin and s has the trans formation properties of a magnetic dipole moment. The square of s has only diagonal elements and is proportional to the unit matrix. We easily find
The fact th at s is identical with o for j enables us now to generalize the interaction between a meson and a heavy particle in such a way th a t transitions to higher spin states are possible. We replace in (1) the spin vector a by the magnetic dipole moment s. Furthermore, we have to add a term containing the excitation energy Aj for the higher spin states. Thus we assume th at the Hamiltonian is
dj is normalized so that oq = 1. s2 = £.
H -A j + I j (^div 0 + ^( s curl 0 ) + compl. conj.
(9)
instead of (1). We normalize Aj so th at A^ = 0.
As to the dependence of Aj on rotator model used above suggests a formula of the type
The term § has been added in order th at A^ -0. Inserting for M the proton mass and for r the electronic radius, A is of the order of magnitude of 5 MeV; zlj would then be 15 MeV. We shall see below th at the experiments lead to a value for this difference of the order of 20 MeV, which is just the right order of magnitude. For the following applications we shall need only the first excitation energy dj, and for this we shall use the value determined from experiments.
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H igh er charge states
In the absence of any classical analogy and any theory of the elementary charge there is no simple model which we could use as a guidance for the introduction of the higher charge states. We shall have to introduce them in a more or less phenomenological way: In (1) 77* is the operator changing a proton into a neutron and is zero if applied to a neutron, 77 is the operator changing a neutron into a proton and is zero if applied to a proton. We now change the definition of 77* and 77 so th a t: 77* is an operator changing a heavy particle with charge ne into a particle with charge 1) e and 77 is an operator changing a particle with charge ne into a particle with chhrge (n + l)e . By emission or absorption of mesons a proton can then go over into a particle with charge 2e and a neutron into a particle with charge -e. Particles with charge ne can, of course, also have all different spins In the following we denote particles with positive charge ne and spin by P /n) and particles with negative charge -ne or charge 0 by N^_n) and N^0) respectively.
Particles with charge ne will have an excitation energy depending on n except if n = 0 or 1. From the theoretical point of view nothing can be said about the dependence of the excitation energy on n. In the following sections we shall make use only of the first excited state + 2 and n -1), and for this we shall determine the order of magnitude of the excitation energy from the experimental facts. The excitation energy for the states P /n) and N$~n) will be denoted by Af^ and A{ f n) with A^] = -0.
T he anomalous magnetic moments of the proton an d neu tr o n
As a first application of our theory we calculate the anomalous magnetic moment of a proton in the normal state with spin ' -| and charge + le, using the usual perturbation method. We assume a proton with spin in the + z-direction placed in a weak external magnetic field H in the same direc tion and compute the change of the self-energy under the influence of the magnetic field. In the old meson theory a similar calculation (Frohlich at al. 1938 , which is referred to below as F. H. K.) leads to an expression r*oo for the anomalous magnetic moment which diverges like dk. The divergence is due to the contribution of very fast mesons which are virtually emitted by the heavy particle. This is no longer the case in our new theory. Whilst in the old theory a proton with spin 4-\ could only emit a positive meson and only into states with angular momentum + it can, in the new theory, also emit negative mesons, leaving the proton in an excited state with charge + 2e. Furthermore, positive and negative mesons ca emitted into states with angular momentum -1 In the external magnetic field negative mesons and mesons with angular momentum -Ik give, of course, contributions to the magnetic moment with opposite sign. If we would neglect the excitation energies, the resulting magnetic moment would be zero. The finite value of the excitation energies leads to a finite value of the magnetic moment, but the contribution of fast mesons with energies large compared with the excitation energies will cancel out. As a result it will be found that the magnetic moment only diverges logarithmically.
For the calculation we adopt the same method which was applied in F. H .K .; we expand the meson field into spherical waves and take into account that a positive meson with angular momentum +1 about the 2-axis has a magnetic energy in the magnetic field of where e is the relativistic energy of the meson.* The self energy is given by
where En is the energy of the meson in the intermediate state. For H0n, Hn0 we have to take the matrix elements of (9) for the emission and reabsorption of a meson by the heavy particle respectively. Apart from the fact th a t a is now replaced by s, the matrix elements of (9) are identical with those of (1) and can be taken directly from F. H. K. The sum (10) has now to be * T he m e th o d o f expan sio n in to spherical w aves is sim p ler an d , fro m th e p h y sic al p o in t of view, clearer th a n th e u su a l m e th o d o f ex p an sio n in to p la n e w aves tr e a tin g th e influence of th e m agnetic field as a p e rtu rb a tio n in B o rn 's a p p ro x im a tio n . B o th m e th o d s lead to ex a ctly th e sam e resu lt. I n F . H . K . th e re w as a m is ta k e o f a fa c to r 2 w hich is ju s t co m p en sated b y th e co n trib u tio n fro m p a ir c re a tio n w h ich w as n o t ta k e n in to acco u n t in th a t p ap er. T he final fo rm u la g iven in F . H . K . is co rrect. extended over six groups of intermediate states, namely (i) emission of a positive meson into a state with angular momentum about the 2-axis + Ik, leaving the heavy particle in the normal state N^0) with spin component in the 2-direction mP --\k. This was the only term occurring in the old theory; (ii) emission of a negative meson into a state with angular momentum + Ik, leaving the heavy particle in a state P^2) with mP = -\k \ (iii) and (iv) em ission of a positive or negative meson into a state with angular momentum about the z-axis + Ik but leaving the heavy particle in a state N^0) or P |2 with mP = -\ k \(v) and (vi) emission of a positive or negative meson into a state with angular momentum -Ih, leaving the heavy particle in a state N|0) or P|2) with mP = § k .A similar set of intermediate states aris pair creation. The contribution from these states is the same and results simply in a factor 2.
The denominators of (10) for these six cases are:
Here k is the wave number of the emitted meson. We write (s curl <£) in the form
In the matrix element H0n of (10) the expression (12) has to be taken at the position of the heavy particle. As explained in F. H. K. (p. 172, equation (57)) the first term is always zero, the second term is different from zero only for a state with angular quantum number 1, and the third nly for m -+ 1. In the two cases we have
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In a similar way we find for the conjugate matrix elements
It has to be noted th at mh is the angular momentum only for a positive meson, for a negative meson this quantity is because wave number and momentum have then opposite signs.
q has matrix elements for the emission of a negative meson or the absorp tion of a positive one. q* has matrix elements for the emissio meson and the absorption of a negative one. q and * are given by equations (25)- (29) 
We divide the product of the matrix elements H0nHn0 for the six inter mediate states by the corresponding denominators (11) (15) by H and by the Bohr nuclear magneton / = eh/2Mc, we find for the anomalous magnetic moment pc'
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where fi is the meson mass. The integral diverges logarithmically. We integrate to an upper limit Em for the energy he + A2) with f i c2 and obtain
The divergence of the magnetic moment is of a lesser degree than in the old theory, but it has not disappeared entirely yet. This is, at the present state of our theory, hardly to be expected. Our theory is as far as the heavy particle is concerned non-relativistic. It is well known th at in Dirac's hole theory the divergence of the self energies is less serious than in a nonrelativistic theory. There are therefore reasons to believe th at the magnetic moment will converge if the relativistic features of the heavy particle are taken into account. For the limit of validity of our theory we can therefore assume the rest energy of the proton Em = From (18) and from the known value of fi' lfi0 ~ 2 we can then determine the product f 2A and find for the dimensionless quantity
In § § 5 and 6 we shall find further relations for the constants / and the zl's enabling us to determine them separately. Presumably, the three d 's in (17) are all of the same order of magnitude and for the present we may assume that they are all equal. I t will be seen th at the nuclear potentials and the cross-section for scattering are of the right order of magnitude for g2jhe = f 2jhc = 0-08 and Ã 20 MeV. This would give a value for
which is the reasonable agreement with (19), considering the uncertainty as to the exact determination of the constants.
25-2
T he scattering of mesons
Owing to the interaction between the meson field and a nuclear particle, a meson can be scattered by a free proton or neutron. The cross-section for this scattering has been calculated according to the meson theory by Heitler (1938) and Bhabha (1938) .*
The cross-section for the scattering of a longitudinal meson with momen tum pjc and energy e < Me2 by a free proton or neutron at rest was found to be
This formula has two very interesting features: First, the mass of the heavy particle M does not occur in (20) (20) increases rapidly with energy for e > /ic2. If this were true, multiple processes would occur at high energies. A single meson could produce a shower of mesons in a single collision with a heavy particle. The reason for the different behaviour of mesons and light quanta is the following: The scattering of a light quantum by a free charged particle takes place by excitation of a certain degree of freedom of the particle, and this degree of freedom is the free motion. The cross-section is inversely proportional to the square of the inert mass of the scattering particle and is independent of the energy as long as the latter is smaller than the rest energy of the scattering particle. The scattering of mesons cannot be due to this same degree of freedom, since the mass M of the scattering particle does not occur in (20) . In fact the scattering as given by the cross-section (20) is due to another degree of freedom, namely, the charge. This can be seen from the fact th at neutral mesons would be scattered according to a much smaller cross-section. This has, for instance, been shown by Bhabha (1939) , who has developed a classical theory for neutral mesons. We shall arrive at the same result below. In addition to (20) there is, of course; also a contribution to the scattering from free itiotion, but this contribution is of the order of the Thomson crosssection (g2/Mc2)2, which is small compared with (20). For transverse mesons a second degree of freedom, the spin, contributes to the scattering with a cross-section of the same order of magnitude as (20). * I n th e scalar m eson th e o ry a sim ilar ca lc u latio n h a d a lre a d y b een m a d e b y Y u k aw a a n d S a k a ta (1937) . (20) is in violent disagreement with the experimental facts. Recently, J. G. Wilson (1940) has estimated the cross-section for the scattering of mesons in the energy region between a few times 108 and 109 eV. For low energies the cross-section was found to be less than 10~27 cm.2 and for 109 eV the cross-section is of the order of 10-28 cm.2. There is no indication for an increase of 0 with energy nor is there any indication for multiple processes to occur in this energy region. Even for an energy as low as e = 2 pc2, (20) would be of the order of 10-26 cm.2, which is certainly out of the question.
In our new theory the inertia of the two degrees of freedom in questioncharge and spin-is very much larger and consequently the cross-section for scattering will be very much smaller than (20) and in agreement with the experiments. Below we calculate the contribution to the scattering from these two degrees of freedom. I t will be seen th at it is not much larger than the contribution from the free motion and a complete expression for the cross-section would have to include the latter as well. This, however, is only partially possible in our new theory, at least in its present-very preliminary^-state. The inter action (8) is only valid for a heavy particle at rest, but for the calculation of the scattering due to free motion the interaction with a moving particle is required, at least up to terms proportional to v/c. In the old meson theory these terms can easily be derived from the relativistic generalization of (1), but we do not possess the relativistic generalization for the spin dependent part of (8) in the new theory. Although there should be no principal difficulty in finding the interaction of a slowly moving dipole (according to our model) with a meson field up to terms cc v/c, we shall not be concerned with this question in this paper. No difficulty of this, sort occurs for the scattering of mesons due to the spin independent g-type of interaction. For this case we shall give the contribution to the cross-section from the free motion below.
The following calculations are correct to the extent to which a proton or neutron can be considered as infinitely heavy.
We consider the scattering of a positive primary meson with momentum p0/c by a free neutron at rest. The meson will be scattered into a state with momentum p/c. We neglect the recoil and have therefore | | |. We calculate the cross-section, using Born's approximation. The scattering can then be considered as a two-stage process with two sets of intermediate states: (i) The primary meson is first absorbed, transforming the neutron into a proton and, subsequently, the proton emits the secondary meson, returning itself into the normal neutron state, (ii) The secondary meson is first emitted by the neutron, which is transformed into an excited N(-1) particle. Subsequently, the primary meson is absorbed and the heavy par ticle returns to the normal N<0) state. If both the primary and secondary mesons are transverse, transitions to higher spin states are also possible and the heavy particle in the intermediate may be in a P>j1' ! or N | state respec tively. In this case we have altogether four intermediate states.
We first consider the case where the primary and secondary mesons are longitudinal. The matrix element responsible for the scattering is of the type
where A, F ,I, II are the initial, final, first and second intermediate states respectively. The energy differences are obviously
EA-E 1I ( 21) where e0 and e are the energies of the primary and secondary mesons. In serting for HA1 , etc. the matrix elements for the absorption and emissi of a longitudinal meson (F. H. K. equation (32)), we have, putting = and e0 = e, V ____ i _ y e A2^ \e e + d^. x)) ( 
22)
I t is interesting to compare this result with the one obtained from the old meson theory. In the absence of excited charge states only the first term 1/e of (22) is there because of the conservation of charge. The cross-section deduced from this matrix element would then be equal to (20). In the new theory V would vanish if we would neglect the excitation energy d^-1). Thus, there would be no contribution to the scattering from the charge degree of freedom. The same is obviously true for the scattering of neutral mesons. Then also both intermediate states occur (even according to the old meson theory) and the only contribution to the scattering is th at from free motion.
Since A <^jac2 < e, we can expand (22) and obtain for V y j f i' A2 e3
and for the corresponding cross-section
In a similar way we obtain the cross-section for the scattering of a longi tudinal meson into a transverse one
<236>
Before discussing this result we consider the scattering of a transverse meson. In this case also the higher spin states have to be taken into account. The matrix element is then
Here k0 and k are unit vectors in the direction of p0 and p, j0 and j are unit vectors in the direction of polarization of the primary and secondary mesons respectively. It is easy to see that (24) From (26) we easily find the cross-section. We take the sum over the spin directions of the heavy particle and over the two directions of polarization of the meson in the final state and the average over these directions in the initial state. The cross-section is then -T © '? ® * 0 + 2 4 + 1 )+ 2 4 ' 1>)a+2(4_1>+4 +1)-■ 4 -1')2}-
The cross-sections ( 23a,b,c) are all of the same order of ma most important features are: (i) The cross-section for scattering does no longer increase with energy but tends to a finite value for large e. (ii) At an energy of the order f i c2 the cross-section is smaller by a factor o (Ajfic2)2 than (20). Using the numerical values for g, f used in § § 4 and 6, the cross-section is of the order of 10-27 cm.2 for e = 2 and is thus, within reasonable limits, in agreement with the facts. For the comparison with the experiments it has further to be remarked that, by relativistic reasons, the cross-section is likely to become smaller for e~J fc 2 in a similar way as the cross-section for the scattering of light by an electron. I t may well be th a t this effect is already appreciable at 109 eV.
In addition to (23) there is a contribution to the scattering from the free motion. As mentioned above, we are only in the position to compute this contribution for that part of the interaction which is independent of the spin, i.e. the ^-interaction. We give the results without calculation: as was to be expected from the analogy of light quanta and mesons. The same results have already been obtained by Bhabha (1939) from his classical theory, and by Heitler (1939) for neutral mesons.
Both contributions are even smaller than the contributions from charge and spin. There is no increase with energy. In all probability the con tributions from the spin dependent part of the interaction will be, in a correct generalization of our theory, of a similar type as (27).
Since the cross-section for scattering no longer increases with energy, no multiple processes will occur. This is also in agreement with the experi mental facts. According to Lovell (1939) multiple showers, if they exist at all, are extremely rare and do certainly not play an im portant role in cosmic radiation. We cannot, of course, exclude th a t at some very high energy those multiple showers might occur, but within the scope of our theory, i.e. up to 1000 MeV, they must be expected to be very rare.
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T h e nuclear forces
The existence of the higher excited states also influences the potentials between nuclear particles. This influence can be described in a similar way as the interaction of two atoms is described in the theory of molecules. From each pair of charge and spin states of the two particles a potential curve starts which, at large distances, is not affected by the existence of the other states. From the ground states, for instance, we have the same potential curves as obtained from the meson theory in its old form. As soon, however, as the potential becomes of the same order of magnitude as the excitation energy, viz. 20 MeV, the potential curves starting from different excited states perturb each other. As is well known from molecular theories, this perturbation results in a mutual repulsion of potential curves of the same 'race' (i.e. the same symmetries). Thus the lowest potential curve of each race will be further deepened. The smaller the distance is the stronger will be the influence of the higher excited states. The proton-neutron potential will therefore be deeper and more narrow than according to the e~Xr/r law derived from the old meson theory. The most important result, however, is th at there is also a strong attractive proton-neutron interaction due to the existence of the higher charge states. Such a proton-proton force, as required by the scattering experiments, could, in the old meson theory, only be obtained by introducing a neutral meson (neutretto). There seems now to be a possibility of explaining the proton-proton scattering data without such a neutral particle. This would be an advantage inasmuch as the neutretto has not been observed in cosmic radiation so far, and recent experiments by Lovell (1939) show that their intensity is certainly less than 10 % of the intensity of charged mesons. Although this does not necessarily mean that neutrettos could not exist, it would seem unlikely th at their intensity in cosmic radiation should be so small.* The nuclear potentials can be calculated by the method of secular per turbation which is also used in the theory of molecules. The potential between two nuclear particles at a distance r is given by the formula derived from the meson theory
which differs from the potential of the old meson theory only in th at the significance of P12 and sx, s2 are different. P12 is now the operator by which the charge of the particle 1 decreases by one unit and the charge of the particle 2 increases by one unit. sl5 s2 are no longer the spins of the two particles but are the dipole moments introduced in § 1. (28) has a diagonal * [Added in proof. R e ce n tly , it has been su g g ested b y B e th e (1940) th a t th e n uclear forces should be due to th e exchange of n e u tra l m esons only. T h e a rg u m e n t p u t forw ard b y B eth e is based on th e fa c t th a t in such a n e u tra l th e o ry a q u a n tita tiv e tre a tm e n t of th e d eu tero n problem is possible, a n d th a t th is is n o t th e case in a n a lte rn a tiv e 'sy m m e tric a l' th e o ry w hich differs from K e m m e r's form o f th e m eson th e o ry (K em m er 1939) in th a t one of th e co n sta n ts (g) is p u t eq u al to zero. E sp ecially , it has tu rn e d o u t th a t in t*he 4 sy m m etrical ' th e o ry th e sign of th e q u ad rip o le m o m e n t o f th e d eu tero n is th e w rong one. W e do n o t th in k th a t su ch a n e u tra l th e o ry can correspond to rea lity . T he m o st convincing p o in t of th e m eson th e o ry -p e rh a p s th e only one w hich gives it preference to a n y o f th e older n u clea r th eo ries-is Y u k a w a 's rela tio n betw een th e range o f n u clear forces and th e m ass o f th e cosm ic r a y p article s. T his connexion is lost in a n e u tra l th e o ry a n d th e sam e is tru e for th e co nnexion b etw een th e /?-decay of cosm ic ra y m esons a n d nuclei a n d for th e q u a lita tiv e e x p la n a tio n of th e anom alous m ag n etic m o m en ts. T hese difficulties h av e, o f course, also been fully realized b y B ethe. W e believe, how ever, th a t in a p re lim in a ry th e o ry like-the m eson th e o ry w hich can only claim to h av e th e v alu e o f som e so rt o f c o rre spondence principle m ore w eight should be p u t on a q u a lita tiv e co n n ected ac co u n t of m a n y different pheno m en a th a n on a q u a n tita tiv e tr e a tm e n t o f a single effect. T his is all th e m ore th e case if such a q u a n tita tiv e tr e a tm e n t is on ly m a d e possible b y a su ita b ly chosen 'cu ttin g -o ff' pro ced u re w hich is alw ays to som e e x te n t a rb itra ry . W e do n o t th in k eith er th a t th e n eg a tiv e p a r t o f th e ab o v e a rg u m e n t is conclusive. B e th e 's 'sym m etrical th e o r y ' is a v e ry specialized form of th e m eson th e o ry in w hich th e co n stan ts are given special values. I t h as b een show n b y M oller a n d R o sen feld (1938) for th e ir version of th e m eson th e o ry a n d b y one o f us (H e itler 1939) for a p u re v ec to r th e o ry th a t a n y sign of th e q u ad rip o le m o m e n t can be o b ta in e d if full use is m ade of th e co n sta n ts available. T he fa c t th a t a c e rta in specialized form o f th e th e o ry gives q u a n tita tiv e ly w rong resu lts for th e d eu te ro n c a n n o t, in o u r opinion, be used as p a r t of an arg u m e n t in fav o u r of a n o th e r th e o ry w hich ca n be m a d e to give rig h t resu lts for th e d eu tero h b u t disagrees w ith o th e r e x p e rim e n ta l fa c ts in p o in ts of a far m ore p rin cip al n a tu re .] matrix element for each pair of charge and spin states and has also matrix elements corresponding to transitions between different charge and spin states. In order to simplify our calculations we confine ourselves to S-states. This is a good approximation to reality, although it is known the ground state of the deuteron is a mixture of a 3S-and 3Dx-state. The admixture of the D-state is, however, very small. This has been shown by Alvarez and Bloch (1940) , who have measured the magnetic moment of the neutron directly and have found th at the magnetic moments in the deuteron are additive within 1-5 %. A simple consideration shows then th a t the admix ture of the D-state is certainly not greater than 10 %, a figure which is still big enough to account for the quadripole moment of the deuteron.* For the deuteron potential the D-state is probably unimportant (cf. § 7 A). For S-states (28) becomes
V = (^12 + A i) {o2 + f / 2(s i s 2 )}-
The actual potential between the two particles is derived from a secular equation in which the matrix elements of (29) enter. The rank of the deter minant depends upon the number of excited states which are taken into account and is in principle infinite. The whole character of our theory is, however, that of an approximation from large distances and for this case only few of the excited states are important. In the first approximation we obtain the same result as in the old theory. As a second approximation we take into account one excited state for each particle. We consider, for instance, the proton-proton and proton-neutron singlet states. Up to the second approximation the following states occur:
P-P(1S) P f P f ; P f N f ; P-N(bS) P f N f ; P f N P ; Pf>Nf.
For both cases the charge wave functions are symmetrical in the two par ticles, since, for a singlet, the spin wave function is antisymmetrical and, for a S-state, the spacial wave function is symmetrical. The charge wave func tions are therefore of the type-*-(w(l) v(2) + u(2) t>(l)} or u (l)u (2) according to whether the two particles have the same or different charges. Hence, the diagonal matrix elements of P = PX 2 + P2X are all equal to unity if of the two particles differ by one and nought otherwise. The non-diagonal * T his figure m eans th a t if th e w ave fu n ctio n o f th e d eu tero n is w ritte n in th e form xjr 8 + oty/n, a is of th e order of 0 T . elements are equal to for the transition from the state P(1)P(1) into the state P(2)N(0) and 1 for the transition from P(1)N(0) to p (2>N(_1) .
The spin wave function is -i{a(l)/?(2)-ot(2)/?(l)}, if the two particles both have spin If they both have spin f , the spin function is
where a, b, c, d are the spin functions of one particle with spin component in the z-axis of §, -f respectively. The matrix elements of s for the transitions oc->a, a-»6, etc. are given in equations (5a-/). Hence we obtain for the matrix elements of (s1s 2)
Thus the secular equations are:
For P-N(1S):
where G -g2e~Xr/r and F = / 2e_Ar/r. In a similar way we find the 3S proton-neutron potential. In the same approximation it is described by a determinant with four rows and columns P-N(3S):
corresponding to the four states Pf>Nf>; p<2)N(-i).
• pa>Nf and Pf>N f ; -P f N f * In (31 a-c)a number of constants occur upon which the actual potential e will depend. These constants are g2, f 2 and the d 's. A constants gives rise to a great variety of potential curves which, however, are all of the same type if the constants are varied within reasonable limits. We determine the constants from the following experimental facts: The depth of the 3S P-N potential is ~2 5 MeV and th a t of the X S P-N potential about half of this figure. For the depth we take the value of the potential at a distance where e_Ar/Ar = 1. Furthermore, we have the value of the anomalous magnetic moment and a rough estimate of the scattering cross-section. The A' s are probably all of the same order of magnitude a for the purpose of this section, we can assume th a t they are all equal. We have found th at the following choice of the constants leads to a reasonable agreement with the above experimental facts:
These figures are, of course, very rough and are only intended to indicate the order of magnitude, especially because no exact meaning can be attached to the " depth" of our potential curves. An exact determination would involve the solution of the Schrodinger equation for our potentials. The figures (32) have already been used in § § 4 and 5 and have been found to give reasonable results for the magnetic moment and the cross-section for the scattering of mesons. The potentials can then easily be worked out numerically. In figure 1 we give the lowest potential curve for the three cases. For the sake of a simple representation we have plotted the potentials divided by viz. the function/(Ar) defined by e = f(Xr) e~Xr/Xr.
In the old meson theory/(Ar) is constant (dotted in figure 1 ; the choice o the constants (32) would, of course, have to be different in the old theory). The curves obtained are the second approximation coming from large distances. At very small distances the potential curves are further deepened by the influence of still higher excited states. In figure 1 the part of the curves which would be influenced by the higher approximations is dotted. It is, however, quite easy to find a lower limit for the potentials at very small distances. Such a lower limit is obtained if we neglect the excitation * I n (31 c) we h av e assum ed A / = zJ^0).
Inner excited states of the proton and neutron 387 energies altogether. As far as the charge is concerned, the secular problem can then be solved exactly. If we is the charge of one particle, the charge of the other particle is -(n -2) e for the P-P case and --1) e fo case. The secular problem is then equivalent with the solution of the following set of linear equations (an+l + an-l)JPaw p being the eigenvalues of the operator + P21 occurring in (29). There are certain boundary conditions to be satisfied for = 1 which depend on whether we consider the P-P and P-N case. In both cases the eigenvalues p are the same, viz. p -2 cos Thus we have a lower limit for all potentials if we put
This is also the asymptotic value to which all potential curves tend in the limit 0. It is to be noted that this asymptotic value is charge , i.e. the same for the P-P and P-N case.
A lower limit for (P12 + P21) (sxs2) can also easily be found. Since the com ponents of sx and s2 all commute, we can choose a representation sx and s2 are both diagonal. The lower limit of (sx s 2)'is then, according to (8),
Thus a lower limit for all potential curves is e > -2(g^ + 6P )~.
In the representation for which sx and s2 are simultaneously diagonal the total spin is not defined. I t is not certain whether the asymptotic values to which the singlet and triplet states tend for r 0 are the same or not. At any rate, the triplet-singlet difference becomes relatively smaller at small distances and it is possible th at it will disappear in an exact solution for r = 0.
Although through the higher states all potentials are deepened, no new singularity is introduced in this way. The lower limit (35) decreases as 1/r like the ordinary meson potential.
As it is seen from figure 1, the P-P potential is very small at large distances but approaches the P-N potential rapidly for Ar < At small distances the potentials are charge independent. In our approximation the ratio / p "p//p.n is very nearly equal to unity for r = 0, and it becomes in a higher approximation. The ratio is also plotted in figure 1. Since in our theory the potentials are deeper and more narrow than in the old theory, the scattering of protons or neutrons by protons will, to a larger extent, be due to contributions from small distances. It is quite possible th at the scattering experiments can be explained by potentials of the type of figure 1. W hether this is the case or not can only be decided after a more 
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F ig u r e 1. P -P a n d P -N p o te n tia ls for th e 1S-a n d 3S -states. T h e fu n ctio n /(A r) is th e p o te n tia l d iv id e d b y e~Ar/Ar (eq u atio n (33)). T h e d o tte d p a rts a re in a region w here th e h ig h er ap p ro x im atio n s a re effective. I n th is region th e tr u e cu rv es are low er. T he scale on th e le ft-h a n d side is in u n its o f A. O ne u n it corresp o n d s to a p p ro x im a te ly 20 MeV. T h e ra tio / P.p //P.N is also p lo tte d (scale o n th e rig h t-h a n d side). T he c o n s ta n ts chosen a re : </2A = / 2A = 0-3d. /(A r), acco rd in g to th e old th e o ry , is c o n sta n t. T he values of / 0id (d o tte d ) are for th e sam e v alu es o f th e c o n sta n ts.
detailed calculation of the scattering cross-sections. Some American authors claim exact identity of the P-P and P-N potentials.* Exact charge in dependence can clearly not be obtained in our theory and if it should prove to be true we had still to fall back on the introduction of neutral mesons. It is, however, very interesting to note that Hoisington, Share and Breit (1939) from calculations of the scattering cross-sections on grounds of the meson potential e~Xrjr came to the conclusion that the range of the singlet * W e are v ery m uch in d e b ted to Professor B reit for a co m m en t on th is q u estio n .
P~N(S_ )old t heory
potentials is only half of that to be expected from the value of the meson mass. This is now exactly what we find in our theory, assuming the right meson mass (fi = 180). This agreement may be considered as a certain sup port of our hypothesis. For a more detailed comparison of our results with experiments it must be remembered that the curves of figure 1 are valid for a certain choice of the constants. It is very probable th at a slight variation of these constants may lead to a still closer similarity of the P-P and P-N curves. In view of the qualitative and preliminary character of the theory, we have not made any further attempts in this direction.
In connexion with the higher spin states there is another point of a more principal nature which must be borne in mind. In the meson theory-also in the new form proposed by us-a proton has a charge and a magnetic moment //A. A magnetic dipole moment is in fact the highest moment th a t can be attributed to a particle with spin Particles with spin higher than | can, in principle, have higher m o m e n t s . A particle with spin c addition to an electric monopole and a magnetic dipole, an electric quad ripole, a magnetic 8-pole, an electric 24-pole, etc., the highest being a 22j'-pole. In our theory particles with spin § occur. These particles could have an electric quadripole and a magnetic 8-pole moment and could produce a meson field of such a higher type. If those higher moments existed they would give further contributions to the nuclear potentials, even in the approximation considered above. Whether they exist or not can only be decided on grounds of a more deeply founded theory than th a t attem pted in this paper, but for this reason the curves of figure 1 must be considered with some reserve.*
Other effects
In this section we discuss briefly the bearing of our assumptions on other effects which have been derived from the meson theory.
A. The 1/r3 term in the deuteron potential. In the preceding section we have derived the nuclear potentials for pure S-states. This procedure is not quite exact since the exact deuteron potential (28) leads for the ground state to a coupling of the 3S-with a 3D1-state, the coupling-energy being propor tional to 1/r3. A 1/r3 term inserted in the Schrodinger equation gives rise to a diverging eigenvalue. This difficulty is not remedied by our new assump-* A m eson could th u s h av e a n electric q u ad rip o le m o m e n t. I n th e o rd in a ry fo rm o f th e th e o ry it h as in fa c t such a q u ad rip o le as a rela tiv istic effect. T h is c a n b e s t be seen from K e m m e r's fo rm u latio n o f th e th e o ry (K eram er 1939, e q u a tio n s (35), (36)).
tions, since the new potential (equation (28)) also contains, of course, the 1 /r3 term which simply arises from the magnetic dipole-dipole interaction, Moller and Rosenfeld (1939) have tried to avoid this difficulty by assuming th a t the meson field is a combination of a vector and a pseudoscalar field. Kemmer (1939) has shown recently th a t there is an intim ate mathematical connexion between those two fields and it might well be th at this possibility has seriously to be taken into account. Here, we wish to draw attention to another aspect of this problem. At the end of § 6 we mentioned th a t a particle with higher spin could, in principle, have higher electromagnetic momenta and could produce a meson field of a higher type. Thus the higher spin states might give rise to a further contribution to the interaction of two heavy particles in addition to (28) corresponding to the interaction of two electric quadripoles, or of a magnetic dipole with a magnetic 8-pole and so forth. (28) would only be the first term of an expansion valid for large distances. Although the higher types of interaction would increase with even higher powers of 1/r, it may well be th at the series converges. The interaction of two finite charge distributions may be finite at all distances and yet, if expanded in terms of multipoles, may increase with higher and higher powers of 1/r. Whether this possibility is to be taken seriously will be a question of the future development of the meson theory.
B.
Deviation from the Coulomb law. According to the meson theory in its old form, the electrical field in the neighbourhood of a proton deviates largely from the Coulomb law (Frohlich, Heitler and Kahn 1939) . Owing to the virtual emission of positive mesons, the charge distribution was found to be of the following form: A cloud of positive charge extending over a region with linear dimensions of the order of 1/A and increasing rapidly with decreasing distance is compensated by an infinite negative point charge at the position of the heavy particle. Consequently, the Coulomb attraction decreases at small distances and turns into a repulsion for A < The energy levels of the hydrogen atom are shifted towards higher energies. Whilst earlier experiments seemed to show an effect of this sort, Drinkwater, Richardson and Williams (1940) , on grounds of new experiments, came to the conclusion th at no real evidence has yet been obtained for it. Probably the effect is smaller than the theory would predict. In our new theory the situation is quite different. A proton is also capable of emitting virtually negative mesons and the result will be that the positive charge density in the immediate neighbourhood of the heavy particle is much smaller than in the former form of the theory. In all probability the repulsive effect will disappear and the law of force will only be a diminished attraction. The shift of the hydrogen energy levels towards higher energies will be very much smaller and will probably lie outside the reach of the present spectroscopical accuracy.
C. Photoelectric effect of the deuteron. The exchange forces between proton and neutron contribute considerably to the cross-section for the photo electric disintegration of the deuteron, especially at high energies. The effect is the larger the more rapidly the nuclear potential decreases with distance. The effect is therefore particularly marked for the meson potential (28), the largest contribution being due to the 1/r3 term (Frohlich et al. 1940 ). This does not mean, however, that it is only the extremely small distances which matter; for an energy of 10 MeV the main contribution comes from distances of the order of magnitude of |-A. In our new theory the deuteron potential decreases even more rapidly with distance. It is therefore to be expected that the large cross-section for the photo-disintegration at high energies derived from the meson theory will remain unaltered in our theory. The effect depends, however, on the presence of the 1 /r3 part of the nuclear potential. In Moller and Rosenfeld's (1939) modification of the meson theory no such effect would occur. Measurements of the cross-section and angular distribution for the photodisintegration of the deuteron at high energies would provide a very valuable check on the presence of a 1 /r3 potential and on the two alternative formulations of the meson theory.
D. Interaction with the electromagnetic field. In this paper we have only been concerned with the interaction of mesons with nuclear particles. There is, however, little doubt also that the interaction of mesons with the electromagnetic field will have to be changed in some fundamental points. For many effects depending upon this interaction the present theory leads to results which are, at least at high energies, incompatible with experi ments. We mention three examples: (i) The cross-section for Bremsstrahlung emitted by a meson during the passage through the Coulomb field of a nucleus is found to increase at high energies like the square of the energy, or, if the modification of the Coulomb field within the nuclear radius is taken into account, like the energy of the meson (Oppenheimer, Snyder and Serber 1940; A. H. Wilson and Booth 1940) . The corresponding crosssection for an electron is independent of the energy. The result is incom patible with the high penetrating power mesons with energy > 2 x 1010 eV. The effect is due to the largeness of the interaction between meson and light quantum associated with a change of the direction of polarization. I t is interesting that similar large results have been derived for the collision cross-section of a meson with an electron, but these results do not seem to be incompatible with the experiments (Massey and Corben 1939; Oppen heimer et al. 1940) .
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(ii) In a collision with a free nuclear particle a meson can be trans formed into a light quantum, for instance,
Y+ + N P + hv.
The cross-section also increases like the square of the energy (Heitler 1938; Kobayasi and Okayama 1939) . This is certainly incompatible with experi ments for energies higher than a few times 108 eV. Although in this process the interaction with the nuclear particle is also involved, the result is not affected by our modification of the meson theory. A closer examination of the calculation shows that the largeness of the effect is solely due to the largeness of the meson-light interaction associated with a change of the direction of polarization of the meson. The same was the case for (i).
(iii) As mentioned in § 6, a meson has a relativistic electric quadripole moment. A negative meson, say, moving in the Coulomb field of a nucleus has therefore an attractive potential proportional to 1 / 3 which gives rise to an infinite energy level for the ground state.* In view of these results it must be concluded th at the description of the electromagnetic properties of mesons by the present theory cannot be correct and th at some fundamental changes are required in order to bring it into harmony with experiments.
T h e o bservability of the n e w particles
Most suitable for observation are the particles in higher charge states 2e or -e. The excitation energy being of the order of magnitude of 20 MeV, it is clear th at these particles could not have been observed in laboratory experiments. The only possibility of finding them is in nuclear collisions of cosmic ray particles. Roughly speaking, those collisions give rise to two different sorts of processes: (i) The primary energy is taken up by the nucleus and transformed into nuclear heat energy. Even if the primary particle has an energy of 103 MeV, the nucleus reaches a temperature of not more than 10-20 MeV. During the subsequent evaporation it is unlikely th at particles in one of the excited states will be emitted, although, of course, this may happen in a small fraction of cases.
(ii) The primary energy is transferred to a single nuclear particle which leaves the nucleus at once, taking up an energy comparable with the primary energy. In this case single protons with energies of the order of magnitude of 108-109 eV are produced and it is to be expected th at an appreciable fraction will be in excited states. Again, the chance for observing them at * A ccording to a p riv a te com m unicatio n b y K em m er.
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sea level (or even on high mountains) is diminished by two factors. U n doubtedly most of the heavy particles are produced in the high atmosphere. The particles with charge 2e lose four times more energy than the particles with charge e and have therefore a much smaller chance than ordinary protons to penetrate through the atmosphere. (This would not apply to particles with charge -e.) Secondly, the excited particles are certainly liable to /?-decay during which they fall down to the normal proton or neutron state. It is difficult to say what the decay period would be for an energy of 20 MeV. It is certainly a small fraction of a second and it is quite conceivable that the life time is smaller than 10 4 sec. From an extrapolation of Sargent's law for light nuclei one arrives at a figure of the order of 10~3 sec. This figure may be too large, as has been pointed out by Nordheim and Yost (1937) because the matrix element for the /^-transition is much smaller for a complex nucleus than for a single particle. If the life time is 10-4 sec. or less, a large fraction of the excited particles decay before they reach sea level. The best chance for finding them is therefore at great heights.
So far few heavily ionizing particles have been observed in cloud chamber experiments, and in very few cases (most of them are slow mesons) their identity has been established. It is improbable th at the new particles could have been discovered in any of the experiments carried out up to the present.
There is, however, one track published by Anderson and Neddermeyer (1936, figure 13 ) which might be interpreted as a particle with charge 2e. In order to identify a track completely three independent measurements (for mass, charge and energy) are required, for instance, range, ionization and curvature in a magnetic field. If for charge and mass only values are assumed which correspond to known particles, two measurements are sufficient. For convenience we give the formulae for range ionization I and Hp for a particle with mass M (large compared with electronic mass) and charge z expressed as a function of the energy E, velocity v and assuming that the energy is small compared with
A, B, a are constants which depend only upon the material traversed. For normal air a is about equal to 12 if all masses and energies are expressed in units of the proton mass and MeV respectively. The formulae for R are correct if 2 log ( a E / M) > 1, which is approximately the case for the energies in which we are interested.
The track in question emerges from a lead plate and is produced by a big shower. According to Anderson and Neddermeyer it has an Hp of ' at most ' 1*4 x 105 gauss cm. and a visible range certainly larger than 5 cm. Apparently, it passes out of the illumination, but judging from the photo graph published by Anderson et al. the curvature seems to increase a t the end of the visible part of the track and if this is the case the actual range cannot be much larger than 5 cm. If the track is interpreted as a proton, its energy would be at most 1 MeV and its range would not be more than 2 cm. Next it would be natural to assume th at it is a slow meson. Then the range would be, according to (36), 200 m., the energy 10 MeV, and the specific ionization only about thee times greater than the minimum ionization. The appearance of the track does not make this interpretation very likely (compare Corson and Brode 1938) , and it is impossible if the increase of curvature near the end of the range is real.
The information supplied by the photograph is in full agreement with the assumption th a t it is a particle with protonic mass and charge 2e. According to (36) the range would then just be 6 cm., or 5*4 cm. if the increase of M by the excitation energy is taken into account. The ionization would practically be the same as th at of an ordinary proton of the same Hp. Any other explanation would be far less probable. If we would for instance try to interpret the track as due to a particle with smaller mass, the mass would be 1300 m., which is a very unplausible figure.
We give this interpretation with greatest reserve. Before it can be accepted other reasons for the anomalous behaviour of the track, perhaps in the nature of scattering by the gas, will have to be discussed. It must also be remembered th at ' unusual ' tracks have been occasionally reported by several authors (one of them, for instance, by Williams and Pickup (1938) with an apparent mass of 540 m.) which cannot readily be inter preted as due to particles in higher charge states. Certainly, far more experi mental material is required before the question of the existence of the new particles can be settled.
We wish to express our thanks to Dr Frohlich for many interesting and helpful discussions. Our thanks are also due to Drs Bhabha and Kemmer who have helped to clarify the difficulties which were the starting point for this paper.
Summary
The present meson theory exhibits a number of serious difficulties if applied to the interaction of fast mesons with nuclear particles. In order to avoid these difficulties the following hypothesis is made: Charge and spin of a proton and neutron shall be capable of assuming higher quantum states. Thus particles shall exist with approximately protonic mass and with charges +2e, -e , etc., and also with spins f , §, .... It is assumed th at the lowest of these higher states have excitation energies which turn out to be of the order of magnitude of 20 MeV. The higher spin states are introduced by means of a simple model, namely that of a rotator with half-integer angular momentum. The theory is essentially non-relativistic with respect to the heavy particle.
The theory leads to the following results: (i) The cross-section for scattering of mesons by a heavy particle is smaller by an order of magnitude than according to the former theory (and in qualitative agreement with experiments) and no longer increases with energy. Thus no multiple showers are to be expected.
(ii) The anomalous magnetic moments of the proton and neutron diverge only logarithmically and, if the theory is limited to energies smaller than the rest energy of the proton, are in reasonable agreement with the experi mental values.
(iii) The influence of the higher states on the nuclear potentials results in a deepening of the potentials at small distances. Even without intro ducing neutral mesons there is strong attractive proton-proton potential, and it is discussed whether the proton-proton scattering data can be explained without this hypothetical particle.
(iv) The deviation from the Coulomb law for a proton derived from the former meson theory is much smaller in the new theory, whereas for the photodisintegration of the deuteron the characteristic meson effects are expected to be even more marked.
The possibilities for observing the new particles are discussed. It is pointed out th at it would have been unlikely for the particles to have been discovered in any of the experiments which have been carried out up to the present. Nevertheless, one track published by Anderson and Neddermeyer which cannot be due to any of the known particles is tentatively interpreted as due to a particle with charge 2e and protonic mass.
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